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PCSEWORD 

This is Quarterly Status Report No. 10, for the period of 1 February 

through 30 April 1964. Tfcls report deacribes projects active in the third 

year of this contract. 

At the present time there are six projects, as follows: 

1. Centipede TWT 

2. Periodic Circuit Studies 

3. Oscillation Suppression in TW's 

h.    Bctended-interaction Klystrons 

5. Transverse-wave Studies 

6. Ronperiodlc Dielectric-lined TWT 

The project titled "Oscillation Suppression in TWT's" has been com- 

pleted. A technical report, "On the Analysis and Suppression of Oscillations 

in High-power Traveling-wave Tubes," by A. J. Bahr, has been written, which 

describes all the work on this project. H« abstract of this report 

(HA]DC-TER-6U-172, June 196^) is presented herein. 

The Responsible Investigator for this contract is Professor Marvin 

Chodorow, 



Key words: Traveling Wive Tubes; iMicrcnave Interaction Circuits; 
Transverse Wave Studies. 

ABSTRACTS 

1. CENTIPEDE TWT 

The centipede circuit has been adapted for use on the electron stick 

in such a manner that the amplitude and phase of the growing wave along 

the besus-circuit interactioo length can be measured. The results of this 

study will be of utmost value in optimizing the many parameters affecting 

the beam-circuit interaction. Current results of theory and experiment 

are presented. 

2. PERIODIC CIRCUIT STUDIES 

A. HIGH-POWER TWT CIRCUIT STUDIES 

Modification of existing circuits and new circuits for high-power 

TWT's are Investigated in order to improve the bandwidth. Impedance and 

stability characteristics of this class of tubes. A new circuit Is 

considered which has over two-to-ooe bandwidth (2500 to 5500 Gc). The 

results of a modification of the centipede circuit are also presented. 

Both of these studies are now completed. 

B. PERIODIC DIELECTRIC H-MODE GUIDE 

Evaluation of the unshielded periodic array of small dielectric 

resonators as a new positive-dispersion slow-wave structure providing 

an axial H field is coaplete. The predicted propagation characteristics 

were confirmed by measurements on an array of rutile disks, but the data 

are universally applicable. A very large choice of bandwldths is obtain- 

able accordingly, as the array spacing is very small or very great. A 

novel distributed ferrite frequency multiplier is proposed. 

ill - 



3. OßCILLATIOM SUPPRESSION IH TW'S 

The electron stick has been used to evaluate aethods of iaprovlng 

the stability characteristics of hi^i-power TWT's. Of particular Interest 

are the pulse-edge («-point) oscillations. The technique applied to this 

problem is that of selectively coupling the periodic centipede structure 

to an external, lossless, uniform guide and ccoparing the results to those 

obtained when the external attenuating region is nonpropagatlng. All the 

work on this project has been ccopleted, and a complete, comprehensive 

report has been written. The abstract of this report*ls given in Part 3. 

♦ RADC-TER-6k-172, June 196U. 
k.    EXTEHDED-INTERACTiai KLYSTROHS 

Asseably of the experimental three-cavity tube has been completed, 

and beam tests on the electron stick are In progress. 

5. TRAMSVHRSE-HÄVE STUDIES 

Investigation of transverse-wave propagation on accelerated streams 

is continuing- A technical report describing the results is being pre- 

pared. 

6. NOHFERIODIC DIELECTRIC TRAVELDIQ-WLVE TUBES 

This project, concerned with nonperlodic extra-high-power S-band 

tubes based on rf structures that are simply uniform sleeves of dielectric 

inside a metal shell, has been discontinued.    Some reconmendatlons will 

be set down for the record, as the principle behind these tubes remains 

promising, provided a beam-tunnel lining other than a helix can be 

developed. PUBLICATION REVIEW 

Tfcia nfott baa kcca reviewed aad is approved. For farther ceduucal iafonaatioe oa 
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Appro vad: 
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I. OBJECTIVES OF THE CONTRACT 

There are several objectives for this contract. One general objective 

is to conduct theoretical and experimental investigations of microwave tubes 

with a view toward the development of tubes capable of at least 10 megawatts 

of peak power, average power approaching 50 kilowatts, bandwidths approach- 

ing 30 percent, gains of 35 db, and efficiencies of ho percent. Another 

objective includes the investigation of the direct coupling of rf energy 

onto a plasma and vice versa, and of methods of producing plasmas with high 

density and lower radial density variations,  'mother objective is to make 

a theoretical analysis of the thick beam transverse-wave amplifier and then 

to conduct an experimental investigation of a dc pumped transverse-wave am- 

plifier, employing the results of the theoretical work. 



II.    SUMtART ARD AHALTSIS OP THE WORK 

i.   CBTTIPSDE TVT 

(D. K. »Inslow,* T. Heeder) 

A. BfTROOUCTION 

The objective of this project Is to study the electron beam - slow 

wave circuit interaction in a high-power traveling-wave tube. The centi- 

pede slow wave circuit, a coupled cavity structure, will be used in this 

study. In particular, the centipede has been chosen because it has proven 

to be one of the most satisfactory slow waveguides for a high-power TUT. 

The method of investigation will be to measure the amplitude and phase of 

the fields in each centipede cavity while the centipede is mounted on the 

electron stick cM is being operated as a THT. Measurements over a par- 

ticular region will be possible, such as at a sever and in the output 

section of the tube. The results of this study will be of utmost value 

in Qptlmlzing the many parameters affecting the beam-circuit interaction. 

B. DISCUSSION 

The fields Inside each centipede cavity are sampled by a small, movable 

loop probe which is coupled to the fields by small slots located between 

the feet of adjacent centipede loops, as shown in Fig. 1. The probe can be 

moved over the entire length of the centipede structure, and it can be pre- 

cisely positioned over a particular cavity slot. The size of the slots was 

adjusted to provide about one-tenth of a milliwatt of probe output when one 

kilowatt is applied at the centipede input coupler. Still, the slots are 

small enough that the power radiated out of one slot does not interfere 

with the measurement at the next slot. 

1  
Project supervisor 
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One centipede 
cavity 

One periodic 
section 

H h- fe Lnch 

Coupling slots 

To probe neasuränent 
apparatus 

FIG. 1—Cross-sectional view of the centipede structure 
showing field probe and coupling slot location. 
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The aa^litude of the fields In each cavity is ■easured \ff  positioning 

the aovabie pr<*e over the coupling slot in a particular cavity, the probe 

output being »easured by a square-law crystal detector. The detector vol- 

tage output is thus proportional to the aB?>litude squared of the cavity 

fields. The aeasurement of phase of one cavity to another is accomplished 

by mixing the aovabie probe output with a reference sample of the centi- 

pede input power in a slotted waveguide. The relative phase of the fields 

in each cavity is then related to the shift of the null points in the 

slotted waveguide as the probe is moved from cavity to cavity. This method 

has been described in some detail in an earlier report. 

During the past quarter the amplitude and phase of the centipede TUT 

have been measured under small-signal conditions. Although It was necessary 

to add 10 to 15 db of distributed loss to the centipede in order to stop 

parasitic electron stick oscillations, gains of up to 15 to 20 db were re- 

corded. The centipede circuit for these measurements consisted of 16 

periodic sections terminated by a sever. 

The phase measurements were most interesting, and to the author's 

knowledge, the present experiments on the centipede are the first measure- 

ments of phase vs interaction length ever made for a TWT. Figure 2 shows 

a typical plot of phase vs centipede interaction length. Note that the 

phase delsy of the fields in each centipede cavity has been measured with 

respect to the first cavity after the input coupler. Since identical centi- 

pede sections were used, the phas' shift from one cavity to the next under 

cold conditions must be the same anywhere in the tube. This fact was 

demonstrated experimentally and can be seen in Fig. 2.  In fact, the phase 

data with no beam is so uniform that e straight line can be quite accurately 

drawn through the data. The slope of this line is simply the phase shift 

per section of the centipede circuit. When the beam is turned on, the 

phase along the tube length changes. In the first few cavities the phases 

change rapidly up and down, perhaps indicating that several waves, growing 

and decaying, are being launched in the cavities by the beam. However, the 

phase again becomes uniform in the last few cavities before the sever-load 

^ 'Quarterly Status Report Ho. 7 for Contract AF 30(602)-2575, Microwave 
Laboratory Report Ho. 108o, Stanford university (Septenber 1963). 
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thus shoving that a single growing wave is doaicant  Again a straight lice 

■*y be drawn through the data to estiaate the phase shift per section of 

this growing wave. Phase data like that in Pig. 2 has been recorded over 

■ost of the centipede passband. 

If one plots the frequency of aeasureaent vs the phase shift per section 

as determined froa phase data like that of Fig. 2,  the result gives an a>-ß 

diagraa for both "bean on" and "beaa off" conditions- Figure 3 shoi»s experl- 

aental u>ß data which was determined froa aany curves like Fig. 2. The 

"beaa off" or cold data shown in Fig. 3 deaonstrates that the erperlaental 

aethod is capable cf high accuracy. Purtheraore, with the baaa on, the 

a>-0 data shifts due to the coupling of the Siow space-charge wave and the 

forward centipede wave. Thus, the fact that the phase has shifted to a 

position closer to the slow space-charge wave in Fig. 3 is very reasonable. 

The  "beaa on" data show acre scatter than the "beaa off" data since the 

effect of reflections is auch greater when the beaa is on. 

The rf power or the square of the centipede field aaplitude in each 

cavity was aeasured over the entire passband of the centipede. A typical 

aeasureaent of relative power vs distance along the centipede interaction 

length is shown in Fig. k.    Since the field aaplitude squared is proportional 

to the axial power flawing in the centipede circuit, it is convenient to 

plot the aaplitude squared data in db. All the data have beat noraalized 

so that the power at cavity nuaber one with the beaa off is zero db. Figure 

h  shows that the power increased 12.5 db at cavity one when the beaa was 

turned on. With the beaa off, the power is attenuated with distance at 

about 0.9 dh/section.    Mote that there is soae scatter of the data around 

the straight line approxlaation cf this attenuation. This scatter is caused 

by nonunifora coupling of the fields to the traveling field probe as was 
(l) 

discussed in a previous report.    Figure k also shows the growing wave 

phenoaenon in the last few cavities, the asyaptotic gain being about 0.8 

db/section.  The data at other frequencies were exaalned to determine the 

asyaptotic gain and the"beaa off" circuit attenuation as in Fig. 4. The 

results are presented In Fig. 5- 

'Second Annual Report for Contract AF 30(602)-25T5, Microwave labora- 
tory Report 5ö, 1116, Stanford Uhlversity (October 1963), pp. 9-12. 
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la avmmzy,  it should be said that the centipede TWT operated on the 

electron stick perforas quite well despite the rather high cold circuit 

attenuation needed to suppress stick oscillations. It has been possible 

to aeasure phase and aaplitude vs interaction length at beaa voltages up 

to 100 kv. During all of these aeasurensnts, the TWT operation was stable. 

Ab pulse edge or structure oscillations were observed. 

C. FOTURE PIAHS 

Ubrk is continuing on a saall-signal theory for the centipede that 

includes the effect of two circuit and two beaa waves. This theory, which 

exhibits four waves rather than the usual three, is derived using an ac- 

curate equivalent circuit for the centipede and a wide gap ballistic model 

of the beaa. A detailed description of the equivalent circuit is found In 

another report.    The beaa interaction with the centipede circuit field 

assumes that each centipede cavity looks like a long transit angle planar 

gap, and space-charge forces are included. At present this theory Is being 

used to calculate a "beaa on" a>-ß dlagraa which should verify the expert- 

■ental data shown in Fig. 3. Thereafter, a calculation of field aaplitude 

and phase vs Interaction will be done, taking into account the boundary 

conditions of the beaa and circuit. 

^ 'Quarterly Status Report Ho. 6 for Contract AF 30(602)-2575, 
Microwave Laboratory Report No. 1037, Stanford university (May 1963). 
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2.    PERIODIC CIRCUIT STUDIES 

(D.  K. Wlnslow,    T. Pukunaga, A.  Karp,  R.  M.  Malbon) 

A.    HIGH-POWi» TWT CIRCUIT STUDIES 

(1) Introduction 

The objective of this part of the program is to Investigate the prop- 

erties of new high-power TWT circuits and ■odificatlonri of existing circuits 

in order to iaprove their perforaance characteristics. During this Inves- 

tigation, the characteristics of the long-slot structure have been rather 

radically ■odifled by the use of straps which extend the length of the 

structure and are attached to each disk at the center of each slot. The 

two most remarkable features of this circuit are the large bandwidth 

(2500 to 5500 Mc/s) and the apparent confinement of the lower slot mode 

to the slot region such that the Impedance of the lower mode on the tube 

axis is very small. The other structure of Interest Is a modified loop- 

coupled centipede in which each section consists of loops over half the 

circumference and the other part a half disk. The structure is composed 

of these sections, mounted such that the loops are opposite the half disks 

in adjacent sections, or a l80-degree rotation from section to section. 

The purpose here is to Introduce a larger frequency separation and/or 

reduced interaction impedance of interfering modes while maintaining or 

improving the bandwidth and impedance characteristics of the operating mode. 

This part of the program has now been completed. 

(2) Discussion 

(a) Long-slot Structure Modifications and a New Related Structure 

This work has resulted in a structure with over a two-to-one bandwidth 

in the forward-wave operating mode. The structure consists of slot-coupled 

cavities with no fins and with a conducting strap extending the length of 

the structure through the slots and attached to each disk at the inner 

diameter of the slots. A section view of the new structure is shown in Fig. 6. 

The dispersion diagram and relative Impedance for tljis structure and, for 

comparison, the typical long-slot structure a» shown in Fig. 7- The different 

* 
Project Supervisor 
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FIG. 6—Diagram of strapped structure. 
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curves of Fig. 7 we for different strap widths. The relative Ispedacce, 

Af/F , is shown for the one-half-lnch strap. A slower structure of length 

L = 0.286 in., is coapared to a structure of standard lens'.a, L = 0.5^) In., 

and is shown in Pig. 8. Part of the decrease in bandwidth cf the shorter 

structure is due to the saaller drift tube hole of the shorter structure, 

0.250 in. dlaaeter rather than the standard 0.875 In. dlaaeter. The aost 

reaarkable feature of this strapped structure Is the large bandwidth; 

2500 Me to 5500 Nc, with an Increase in the relative lapedance Af/F . 

Part of this, however, is related to the faster phase velocity of the cir- 

cuit. It is also to be noted that the relative lapedance of the lower 

slot aode has been decreased. This mode  is difficult to detect on the axis 

of the structure. Apparently the fields of this lower loop mode are con- 

fined to the region of the straps and slots. This should be an iaqjortant 

factor in the coaplete suppression of this aode. 

(b) A Modified Centipede Structure 

This section describes a «odlflcation of the centipede structure that 

oay have advantages over the present circuit. The purpose Is to aaintair 

or laprove the bandwidth and lapedance characteristics of the operating 

node and simultaneously introduce a larger frequency separation and/or re- 

duced Interaction lapedance of Interfering nodes. 

The centipede structure was aodlfied by inserting semicircular shorting 

planes in place of half of the loops. Each section was then placed adjacent 

to each preceding section in forming the structure in a manner such that 

each succeeding plane was dlaaetrlcally opposed to the preceding one. Since 

the noraal symmetry  of the centipede was destroyed with respect to the 

plane between adjacent sections, the plane of shorting at the ends had to 

be placed in the center plane of the loops to preserve symaetry. A sche- 

matic representation of the circuits is shown in Fig. 9. 

Since the «odiflcation of the first structure indicated that the de- 

sired characteristics were obtainable at the expense of bandwidth in the 

operating aode, the modification was exteuded to three similar centipede 

structuresj each structure differing only in the loop height as shown In 

Fig. 10. It was hoped that tor increased loop height; the bandwidth of 

Ik 
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the fundaaental passband vould also be increased to ccM^tensate for the 

decrease la nuaber of coupling loops. 

It «as noted that the bandwidth of the TIL  fundamental was decreased 

in all three structures when the shorting planes were substituted for oae- 

half of the loops. It had been suggested previously that the bandwidth of 

the TIL  fundmental in the centipede structure was pi oportional to yn  > 

where n is the nuriber of loops, everything else being held constant. In 

the structures under consideration here, it was found that for the standard 

centipede structure (structure 2) the ratio of the bandwidths was very close 

to "^2 as would be expected. However, as the loop height was decreased, 

the ratio of the bandwidths increased significantly, and for increased 

loop height, the ratio decreased. 

Before coaqparing the characteristics of these three structures, it 

was noted that the loop resonance passband for structure 1 (saall loops) 

was shifted up in frequency acre than expected in comparison to the other 

two structures. A closer investigation of structure 1 revealed that the 

capacitance developed between the loops at the crossover points was con- 

siderably saaller than that developed between the loops of the other struct- 

ures. If this crossover capacitance is coapensated for in structure 1, the 

resultant dispersion curves are those Illustrated in Fig. 11. Figures 12 

and 13 ccapare the Af/F characteristics of the three structures, original 

and aodlfled. 

A coafparison of the frequency characteristics as illustrated in Fig. 11 

indicates that the aodlfled structures suffered a bandwidth loss in the TIL 

fundaaental passband, but that the stopband in all cases was Increased by 

this aodlfication. Further, the interaction iopedance, Af/F , shown In 

Figs. 12 and 13, was significantly Increased in the TM  fundaaental 

passband and decreased in the loop resonance passband. The coaparison of 

structures 1 and 2 Indicates that the increase in loop height tends to in- 

crease the bandwidth in the fundaaental passband; however, when this is 

extended to structure 3 with still larger loops, the fundaaental passband 

retains the sane bandwidth but is shifted down in frequency. 

In conclusion, it is to be noted that the aodlflcation had the de- 

sirable effects of increasing the stopband, increasing the interaction 

- Iß - 
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l^>edance Äf/F lr. t'.e fur-laa»Gtal passbar.d while decreasing it in the 

loop resonance passbar.d. The undesirable effect was the decrease in band- 

width in the fundamental passband. Therefore, the optimua structure would 

probably be the nodifled structure 2 which easbodies all of the desirable 

characteristics with only a saall percentage decrease in bandwidth of the 

operating passband. This concludes the high power TWT investigations of 

this aodifled centipede circuit. 

B. PERIODIC DIELECTRIC H-MODE GUIDE 

(A. Karp) 

The understanding ana evaluation of this new concept in periodic slow- 

wave structures is essentially complete. The circuit has the form of an 

array of small, high-Q, high-c' (titanate) dielectric resonators in free 

space (or supported by material of relatively low e'  ) coupled by the 

H fields external to them (Fig. ih).    Since the coupling generally occurs 

at some distance from the resonators, the exact shape and orientation of 

the Individual resonator is of small consequence; the parameters dete'-alning 

the dispersion of the structure, to the first order, are merely the spacing 

(L), and the resonant frequency (ffyJ of an  individual resonator in isolation. 

The thin disk is a preferred shape, however, because of its circular sym- 

metry and because Its lowest resonance frequency (which is taken as 1\A) 

is well removed from the many higher frequency resonances a high-t' dielectric 

volume exhibits. A hole in the center of the disk, yielding a ring, is 

often useful. Though not essential, it is usually convenient to orient the 

disks with their axes of symnetry along the axis of the array and to similarly 

align the crystalline C axis of the material when it is anistrophic 

(e.g., rutlle). 

The field configuration of the wave propagating in this medium is 

essentially TE  . Shielding is optional at all frequencies for which the 
Ui 

phase velocity Is less than C ; in the infinitely long array, conductors 

of any kind are assumed absent from the vicinity of the array. 

The predicted propagation characteristics of the array were confirmed 

for many values of L by tests on arrays containing oriented single-crystal 

rutile disks l/2 inch diam. * l/8 inch thick (f  = 32^0 Mc/s; Q-4- 10,000), 
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■ounted on plexiglas spiders. Since the effects of the shape of the unit 

resonator are of second order, these data are universal to the first order, 

and can be scaled to apply to any array in teras of the dlBensiocless 

paraneter f^ L/C   TO aeasure the propagation characteristic for a 

given L , the appropriate procedure would be to observe the n + 1 

resonances of a finite length of array of n units bounded axially by 

■agnetlc Älrrors.  In the absence of aagnetlc mirrors, careful inter- 

pretation of the n resonances obtainable with the finite array bounded 

axially (but not radially) by electric mirrors {conducting planes) is 

adequate, although the lower cutoff condition ß = 0 is not revealed. 

For example, with conducting planes normal to the axis at a distance of 

L/2 from each end element, and with small coupling loops poking through 

these end planes, the resonances observed correspond to Tßl/jc= 1*2,3, . • 

n , in order of increasing frequency. Due to the ease of varying n 

and L in the test configuration, multiple checks of data points were 

possible. Propagation characteristics (which are approximately universal, 

as discussed) are plotted in Figs. 15 («u vs PL) and 16 (oo vs ß) , where 

comparison with propagation in a nonperiodlc rutlle rod (i.e., the disks 

tcuch) and an infinite rutlle medium are possible. (Regions of phase 

velocity close to C and greater are omitted, as the then necessary 

shield has some influence.) As predicted, the dispersion is positive 

("forward wave") and the passband is roughly centered at the resonance 

frequency of the unit element. As L decreases, bandwidth increases. 
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3.  osciMMim wmmsBim ni TWS 
Co. K. mmlm,    A. Bsiir, 1. Wise») 

A.    TMBfMJSTIOK 

The objective of th?.8 stuä^ is to si^press the imrioas typffiof oscilla- 

tions that can occur 1B a periodic structure when it is excited by ac elec- 

tros beaa (as In Mgh-pcwer traveling-wnre tubes) withoat iEtrodMSlsg ex- 

cessive atteeaatioß into the op«rstitig frequency baod.    Of päurtiettiar Interest 

are the pulse-e^e («-poiEt)   oscillatioaB which are inherently possible in 

any THF iihieh utilizes certaiB types of periodic straetures.    The techrdqae 

which is being applied to this prxAlea is that of selectively coiqaliEg the 

perlc^le structure to an external, iossless, unlfocra vave^uide.   The select- 

ivity is obtained by properly adjastlcg the phase ami attenuation character- 

istics of the waveguide.    Tim structure befog studied in this case is the 

"centipede" structure, but this sane technique could be applied to the pa?, 

ticular oscillation prctoleas of any other periodic structure such as the 

"cloverleaf■* or the "long-slot." 

B.   msmssim 

Since the last reporting period, all the work on this project has been 

coapleted and a coaplete, coBprehenslve report has been written. The abstract 

of tlii» report, MDC-nR-172, follows: 

■^ere are aany factors Involved in the desijpi of a traveling-wave tube 

(Tiff), the aost loportant of which are gain, bandwidth, efficiency, and 

stability. The priaary purpose of this study was to examtne the question 

of stability in high-power TWT's which utilized coig>leä-cavlty structures, 

both as to the concepts and theoretical deeerlption of the possible types 

of instabilities that can occur and as to the possible scheaes for aaklBg 

the tube stable. Of the three types of oscillations which are passible in 

h pulsed, high-power Tiff, it was the band-edge oscillations which were 

of priaary interest. 

"i  
Project supervisor. 
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"Two üfferent tfetöreticÄ w^^nmä^m to tie mmäyslm of cw@illM.iaB 

Is ecRiflei-eavitf strwctur«» were ouained.    It is Acs» bov tlMe 

first of «»««, mlfomlj-coapl'^ «- -^..-«tlng-aoiB tbemry, a^r ^e ^»U«4 

eoeslst^tly to siaÄ a perlodie ayat^i.    ."oiMwer, it is also ateowi tl»t 

a ttaeer/ cely an^ii^ WUMB a paastomd «rf JKä at a eireuit cutoff.    For 

im witMs a pmafamä, thusn, partieuiar t&re€»coi#le4-«otc »oliitiaBS 

giv^i for a feactearsi-MtEve MCiilator nd f»««Fi-if»re aapiifier whicb 

c^cimte syselixoÄSÄiy at tfce saae frwpBMqr   aM iMdb ax« coupled over 

part of their ieegtli to m acteraal wsv^piMe «aose purpc^e it is to 

ptms the bBKsknard-wave «Mcillatims,    Äe remits indicate (wittooet 

sMwlm tlse pmcticai protelcai involve) tlwt a substantiai iaermse la 

atart-osciilJrtlcm la^tfe asj I» •obtai.iiei vitb cely a relatively aaall per- 

ceast^e decrease is for^Ba^-wave gpi&. 

'"ftm secoEd tfeeoretlcal appwacii e^amized the coöpled-casritj eata«» 

of tbe structure and is mare afprqprtate for «nalyxiiJ« tfee c»cillaticB 

tfrnxmrnm. ÄtÄ oeeisr near tbe ^eä-^fe tmepem^.    Hie ayste« was ammlyzeä. 

ia term of indiTidnsi cavity aodes wbidi are resora^t at a particular 

cutoff frmpmney of Urn straetnre.   The results of the analysis are expressed 

ia tens of aatriees whose elesasts mre givea in teras of «^ily aeasiirafeie 

or' calctslalbie parsaetcarv.   de theaxy gives m adeqatte desezdpti«! of tbe 

oscülatioa tfrnnamem occarrleg i^ar a cutoff tmä also predicts tbe saae 

sort of tMrfward-wsve ascillatioos in tbe pas^Hid that are obtained fraa 

ccwpied propasating-aode tbecory.    Also, tbe tbeoiy is geaeral «noii^i to 

^ply to a "tapered" stroeture. 

"k coaparism witb tbe general cm#led-cavlty tbeory sbaws tbat tbe 

resalts of a siapie appiicatic» of tfessel-Beig's Moeotrtm tbeory are Mapate 

for estiaating tbe ^niam start-osciUatioii leogtb of a ocmt^ered structure 

at cutoff f tot tbat tb^r will ahn^s mderestiaste tbe startlog length by 

a few percent,    ffee coypled-cartty theory was also used to evaluate the 

effect of noaresonact slot cot^llog tetweaa the cavities and ac, external 

waveguide for frequencies both in tbe passband and near a circuit cutoff. 

"Experiaentally, tbe frequency and voltage of tbe «-point band-edge 

oscillations occurring io tbe "centipede" structure were aeasured OR the 
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"electrm stick*    for WMIOIIS stnxtwre lasgtli», maä gocii qualttstive agree 

■Kit with tfee cc«jp2ed«-c«rity theory was obtained.   To so«e> ^tect, «paotl- 

tstlve agreemsit. wm also oMalnel. 

^Biree suppressic» sefsa^s were exminsd cc the eiectr«. stick, ail of 

Mfcicls use rewaramt, radiatiisg slots to prom-ie Isms in a narr«» frequeecf 

«ffige ßear tbe l»ai-edge of Interest.   Tte ilfferesce betueeo. the mehemem 

lie« In Urn type of «xtcriiai mrirmmmt into iriilcfa the slots radiate, 

«filial in this case takes the font of a lossless, temlsated wavegaMe, a 

lossf wareguMe, and pa« IOB^ a»terial.    Ail of these sciie«es give Increases 

in start-osciliatlon length of 30^   or a©re, with a3jK»t E© effect c^ the 

saail-sl^pial gain is the passhand except near the bsM-edge.    The less less 

wavegalde was foimd to give the greattest effect." 
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k. 

C«. e^s^^air,* A. arg, B. fcUfe) 

A,    IKHOODCflCX 

oC tfals project is to furtfeHr immU&A« ttee 

Eioii»t IKI c^BiPend.cie cfficlesigr <M «dileirei ia gc 

My»tKa, vltfei c«*itl«» oaiisistiae of 

of «low-wwre straettv«.   Äe cormast, «na fliMly ^HMC of tM» woo* is tbe 

«wiMrt.icm, ^ «ems ot tim elect«» «t.li*t of • tteee-c»ri^r L-^md ttibe 

ütocb WM described 1& tfee iMt ^«rterly Bq^rt.    In tMs ieviee, 

■eial«tl« ef tiw ei^tn» beaa 1« slJBiÄed vitli lupat 

onrltles «setÄtsiai tm^bie i^esoBKted seetic^i ef rii^-lacr mtrm&wm, 

l«agt& rf tbe oufcpit owlty am be demmgieA, im 

wtm , meätism ImMm «« ke «dJiatM iy rtM»gl^ tfee tenOisal ©oiiutictis 

m tM& copier« m&tmdmä to bot^ e^s of the «stpil. 

B.    DtSCUSSIOl 

of tbe ej^eritaMtal taBW»-«Bnty 

pleted, «ad hem. tests of this Aetie« «re 1& praffr«»©.   Tiie pwMKters of 

prisMty ioteröit, i.e., «iturmticaQ bMSÄildl* «id efficieMgr, «ill be «weiuated 

for different iaagtlt« msä loading txmMtlom of the oatpit esvitr, «M for 

different haw velocities; the oteject i« to sudiie^e ms. «■piriaü. ^tiMzctic» 

of these pcnweters.    Swll-si^ml pd& Mid baoäiilith will mlao be ewlisited 

sod cospared to the UiMBsr theosy.    It is ejected that the saall-sigoal 

results, in the absence of a sis^le aodel which could represent the large- 

slgsal behavior, aagr be helpful in arrirlng at m qptiaa» coablaatioo of 

ev«s for satiirated-beaa eooditiixis. 

-*  
Rroject B^perrisor. 
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5.   7SMmmm-mm STUDIES 

(I. lessei-Berg*   B. ifoeits) 

A.    tm^UCFIOR 

Use objective of this project is to 6tväy • possible approecti to feroad- 

hamd M#i-|>«rerM tuplitlers whleb imroiTes Icteractloc tjetween mn electrc» 

bemm sM a circuit is tfae pres^ee of m axial de Kagnetlc fleM-    Hits 

aapliflcatloti ,g»efe8ßls« depeiäs cm iBteriBctlai betveec t&e tmasverse ao- 

tioa of the beam with traimverse electric fields.    Isaaples of sucfa inter- 

aetioD are the Mler icw-coise qmärvqpole aapllfier, and the so-called 

fast-wanre tvbes lAere a rotating eiectroB beam is interactii^ with an orii 

nary fist eiectrosaipwtic ware in a mmoatM wa^egaMe.    In the first case 

this type of isteractios WM esed for imf-mjise «^»lifters; 1c tae sec»«! 

case, for veiy high flrespsacy ^piificrs.    there are aaoy possible i^rietaoss 

of this MM of icteractiai, hcwerer, wfalcti would be appropriate to acy 

fretiweocy racge aod, cot a^rely for low noise- 

B.   mmsmmE vmm m m ß^mmmm PMRMiM^wum SäTPCM MEM W 

A camtm mmsic FKUD 

Is a pr^rioBS report we bad indicated that- use would be wmäe of vector 

and scalar potectials.    We hawe found that analytical solutions of these 

earpressloo» cam be obtained only in the case of a thin beaa-    With 

ErCr,0,z,t)    =    i/2Cl_ - Ej 

and 
Ed(r,Q,2,t)    =    i/2j(E_ - Ej      , 

the soiütioQS any be represented by 

t   - ^K^   , 
z    z    r   ' 

1  
Project supervisor. 
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*    -   P(1)*P(2)      , (2) 

Hie two fortlal müM&imm ere given toy 

E% 

E«1'-   0 

f'-^iy^u) 

MK J- P^w 

.»> - o 
as 

,<2>.   .** 

(3) 

£ r« ^>(.) ."**   . (M 

Iß tbe following «aOysl», c»lf the partial «olutlmis (3) «ill be eocsidered, 

siE^e t&e fisal results am be Maily g^ierallzed to tbe solutions {h) 

wltbout «Mltlooal coapitaticm»,   Bie potentials ba^e hema evaluated for an 
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infinitely i«^ beem. «feile taking, into •ccouot tiie effects of retÄrdation. 

Icsertlc» of these potentials into the force ^astioc yields the second- 

oraer d3 ffereatl&l. mystem 

Aere 

S^Cz)    =    displiammt. 

v^iz)    *    Telocity, 

c   -   speed of ll#it, 

m   -   siffBBl freipeEcy, 

m     -   eyclotzvD fresp^sicjf. 

m (z)    -   plmmt. freqaeccy, acd 

v (z)   =   dc beam velocity. 

flie Icmgitudlrtal cc^woents em be obtained fro« (5) and 

d2 " 
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jM   -   PA rM *   pW .     . (6) 

Slaee the ooBreJüitlflstic fcree eqpBticms mre considered, the 

v?/e     In (5), «hicfc wmiM eanrempcmä to tbm   ▼« x B tern, win be oaitted. 

ap«tlc»s (5) perait ac «sBKrt ^jlati«» for   (D   » 0    .    At the Resect tiae 

we are eoBsiiereli« first order   WSB   as well i» «unipiotic series soi«tic»s 

far both large sM «Mil vmlues «rf1 the product   mZr*      , c 
spatial distance froa the potaxtial «Lsiaya at the cathode 
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6.  mmmmic WHAWIK fum/ELms-waE USE 

(A. ftrp,* f. Wvkmmß) 

fbls proj^t IMS b«« emeemed vith the poteßt tall ties of M#i-TOltage 

(orter of iOJ kf) trwreliijg-waf'e «d relÄrt (e.g.,. distributed-iBteMtetloc 

Mystnm) tafe« iAose rf «triKrittr» «are st^pljr imifona, haaogeneous dielectric 

sleeves inside a eofper shell.    The high voltage corresfwods to dielectric 

ccMstSBts less tluw 1.0 la such false d^l^s and i&m cosiiined witö «rfest 

NwKiiridtl» foot ©wer jjOjt) close to t&e   TS^.-aode cutoff, the SM» higs 

interaetio^ iwfeämce amä »sJa ofctaii»ble witfe periaixe structures is to 

be esspected.    la ^ditif», the posslMllty of asm% M^i-tfaeraal-cocdijctii-ity 

bezTllia cem^c as the Üele3tric sboaM perait Mcepti«»»llj luge power 

eapicitj at a giire© iw^el^^a.   f&e spÄMi advantage of the oouperiodie 

stn«tare,ia»rererf m «MpwM with ferioiic strörtures, is the freedk» 

fro» spart«» oselllatloQS tee to «H^d^, tsKsiMB-d s^e-tefmails wiwes 

ssd nearhy sactfa i^swacds. 

1.  Diacössic» 

Bsi« project, «*!<* tfas ^aadtted to tests usiiig the electrcm stick, 

is dlsMDtinued due to final dissatisfaetl^m with a wire heilx as a feeia- 

tuooel lining of the prapsmed stRKtm^.    Same reccMBSMlatlaBS will he set 

dam, for the record, as the aaftaiit^ges of a oospericaiie strnetare ramie 

very p^aisir«, provldi^ soae suitable bas«-t»mnel lining car* be developed- 

A mlfarm reslstacce 111« is a possibility, with m caaprasise mMe with 

regard to absorptlos of desired   Tft     «aves by the flla.    A ccaMnatJor. of 

reslst«3ce ftM sod wire helix would be attractive if the flia cccductlvity 

need«! to suppress helix oscillatSons couli be less thac that needed to 

cosduct interested bem ciaxeot io the Äsaice of the helix. 

_ ,  
Project supervisor 
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